was Serek et al. (1995) found that leaves of 'Royal' plants summer-grown in California yellowed rapidly when the plants were placed in the dark. However, the dark treatment had no signifi cant effect on leaf yellowing on plants winter-grown in Denmark under supplementary light. In growth chamber studies, Kyalo et al. (1996) found improved postproduction longevity, more fl owers, more compact growth and quicker fl owering when plants were grown under summer-like conditions. However, those plants produced smaller and lighter-colored fl owers than those under the winter-like environment. Monteiro et al. (2001) also found an interaction between cultivar and season with regards to postharvest fl ower longevity. 'Meijikatar' and Meirutral' had higher longevities if grown in spring/summer when compared to fall/winter-grown, whereas, 'Meidanclar', Meilarco', and 'Schobitet' did not show any difference. All of these studies were also performed using plants with multiple fl owering shoots.
was a lower incidence of Botrytis and fewer chlorotic fl ower buds on summer-grown plants when compared to winter-grown plants, despite the former having more fl owers than the latter. Serek et al. (1995) found that leaves of 'Royal' plants summer-grown in California yellowed rapidly when the plants were placed in the dark. However, the dark treatment had no signifi cant effect on leaf yellowing on plants winter-grown in Denmark under supplementary light.
In growth chamber studies, Kyalo et al. (1996) found improved postproduction longevity, more fl owers, more compact growth and quicker fl owering when plants were grown under summer-like conditions. However, those plants produced smaller and lighter-colored fl owers than those under the winter-like environment. Monteiro et al. (2001) also found an interaction between cultivar and season with regards to postharvest fl ower longevity. 'Meijikatar' and Meirutral' had higher longevities if grown in spring/summer when compared to fall/winter-grown, whereas, 'Meidanclar', Meilarco', and 'Schobitet' did not show any difference. All of these studies were also performed using plants with multiple fl owering shoots.
To facilitate further studies of seasonal postharvest responses, these studies were initiated to evaluate the effects of seasonal growing environments on the growth, fl owering and postharvest performance of currently available potted rose cultivars. In addition, these studies were performed using growth chambers and single-shoot plants so that a method could be established that would provide easily reproducible growing environments and to reduce the complexity of multiple-shoot plants used in past studies. Miniature potted rose plants (Rosa L.) have increased in popularity in North America and are a major fl oriculture crop on the European market (Borch et al., 1995) . Cultivars vary dramatically in postharvest performance. Halevy and Kofranek (1976) reported that 'Garnette' and 'Orange Margot Koster' plants had little bud and leaf abscission even at warm shipping temperatures (21 °C), whereas 'Pink Margot Koster' was severely injured. 'Meijikatar' and 'Confection' had more leaf abscission and/or yellowing than 'Meirutral', 'Meilarco', 'Shy Girl', and 'Ruired' after 4 d of simulated shipping at 8 °C and 7 d in a simulated interior environment (Clark et al., 1991) . Flower longevity after simulated shipping (4 d at 16 °C) of 'Meirutral' plants was longer in an interior environment than 'Meijikatar' regardless of chemical treatments (Cushman et al., 1994) . Müller et al. (1998) reported that, for the shortlived cultivars Parade Bronze, Parade Bianca, and Kordana Ice, >50% of the fl owers faded after 10 d in a controlled interior environment. On the contrary, the long-lived cultivars Parade Charming, Parade Dreaming, Parade Harmony, and Kordana Vanilla had 70% of the initial fl owers after 20 d. All of these studies were performed using plants with multiple fl owering shoots.
Material and Methods

Rooted
The time of the year that a crop is grown may affect growth and fl owering as well as the postharvest longevity of the crop once it is placed in an interior environment (Pemberton et al., 1997) . Better fl ower quality, longer poststorage fl oral longevity and less poststorage leaf chlorosis were observed during summer for greenhouse-grown 'Meirutral' and 'Meijikatar' potted miniature roses when compared to winter-grown plants (Chen, 1990; Cushman et al., 1998) . Rajapakse and Kelly (1994) reported less lower leaf yellowing after simulated shipping on 'Meijikatar' plants grown in the summer in comparison to plants grown in late spring. Borch et al. (1995) found a decrease in the number of wilted fl owers after 18 d in an interior environment on summergrown 'Poulnye' and 'Poulvic' plants when compared to winter-grown plants. There was no difference for 'Pouloral' plants. Also, there HORTSCIENCE 39(1): 138-141. 2004. sprayed and drenched as needed for mite, insect, and disease control.
When the root system of each plant was well established in the pot (12 Oct. 1999) , fi ve plants of each cultivar were randomly selected and placed into each of two environment-controlled growth chambers at 22 °C with a 16-h photoperiod and average PPF of 650 µmol·m -2 ·s -1 at the plant canopy height in both chambers. On 20 Oct. 1999, after a period of 8 d for plant acclimation in the growth chambers, each plant was pinched just above the third or fourth leaf from the base of the strongest growing shoot. All other shoots were removed where they joined the main stem. The growth chambers were then programmed to simulate summer-like or winterlike greenhouse growing conditions, at 30 °C day/21 °C night cycle with a 14-h photoperiod, or 21 °C day/16 °C night cycle with a 10-h photoperiod, respectively. The PPF provided from cool-white fl uorescent lamps averaged 650 µmol·m -2 ·s -1 at plant canopy height in both chambers. During the experiment, each plant was grown with a single fl owering stem. This was accomplished by removing all but the strongest of the shoots that began growing after the pinch as they arose. When the fl ower on each plant reached developmental stage 2 [ (Cushman et al., 1994) showing color, calyx refl exing, no petals refl exed], the plant was placed in a continuously lighted simulated interior evaluation room at 21 ± 1 °C under 15 µmol·m -2 ·s -1 PPF from cool-white fl uorescent lamps.
At flower developmental stage 2, we evaluated the length and number of nodes of the fl owering shoot, and the time to fl owering defi ned as the number of days between pinching the stem and reaching fl ower developmental stage 2.
During the interior evaluation, fl ower diameter was measured at fl ower developmental stage 5 [ (Cushman et al., 1994) , full open]. Postproduction fl ower longevity was defi ned as the period from fl ower developmental stage 2 to the fi rst day of fl ower developmental stage 6. Leaf area of the fl owering shoot was measured on the fi rst day of fl ower developmental stage 6 [ (Cushman et al., 1994) , postharvest life over, petal wilting or abscission] using a LI-COR Portable Area Meter model LI-3000 (Lincoln, Nebr.). Flower quality was rated as 1 for normally developed fl owers, which opened fully with normal form and color, and then showed normal senescence with petal wilting. Rating 2 was given to fl owers which opened, but exhibited deviations from normal form and/or color at any fl ower developmental stage. Rating 3 was given to fl owers which abscised without opening or exhibited severe color or form deviations. Leaf abscission was rated on the fi rst day of fl ower development stage 6 on a scale of 1 to 10 (1 = 91% to 100% abscission and 10 = 0% to 10% abscission). Yellow leaves were included with the abscised leaves in assigning a rating as they fell quickly after yellowing.
This experiment was a 7 × 2 factorial (7 cultivars × 2 simulated growing conditions) arranged within each chamber in a completely randomized block design, with fi ve blocks, using one plant in each block. All the data were subjected to analysis of variance using SAS software, general linear model procedure (SAS Institute, 1987) . Means were separated by Duncan's multiple range test at the 5% level of probability.
Results and Discussion
The fl owering shoot length was infl uenced by growing environment and cultivar, but the number of nodes on the fl owering shoot was infl uenced only by growing environment (Table 1) . Both growth characteristics were greater under winter than summer growing conditions. Under winter growing conditions, the fl owering shoot length was ≈50% taller and there were slightly more nodes than under summer growing conditions. 'Ruirosora' plants presented the longest fl owering shoot while 'Ruidodo' plants had the shortest (Table 1 ). The leaf area of the fl owering shoot was affected by the growing environment × cultivar interaction (Table 2 ). All cultivars except 'Meigagul' exhibited a larger leaf area under winter than summer growing conditions (comparisons not shown). Thus, plants under the winter growing environment were generally larger than plants grown under the summer environment by exhibiting the greater of these three evaluated growth characteristics. Kyalo et al. (1996) found that 'Meirutral' and 'Meijikatar' potted miniature roses grown under a simulated summer environment were more compact than plants grown under a simulated winter environment, and other studies have found greenhouse grown plants to be more compact in the spring or summer in comparison to winter (Borch et al., 1995; Clark et al., 1993) , but the number of nodes was not counted in these studies.
All four evaluated fl owering characteristics were affected by the growing environment × cultivar interaction (Tables 2 and 3 ). The number of days for the fl ower on the singlestemmed plants to reach developmental stage 2 was greater under the winter compared to the summer growing environment for all cultivars (comparisons not shown) ( Table 2 ). The time difference between growing environments ranged from 9 to 14.4 d on 'Meighivon' and 'Ruidodo' plants, respectively. Under the summer growing environment, 'Meiferjac' plants were the fi rst to reach fl ower developmental stage 2. Under the winter environment, 'Meighivon' plants reached fl ower development stage 2 fi rst ( Table 2) .
All the cultivars, except 'Ruidodo' and 'Ruirosora', exhibited greater fl ower longevity when plants were grown under a summer environment compared to a winter growing environment (Table 3) . Similar fl ower longevities were observed between growing environments for those two cultivars. For cultivars where the fl owers lasted longer on summer-grown plants, the longevity difference between growing environments ranged from 3.8 d for 'Meigagul' plants to 5.4 d for 'Ruijef' and 'Meishulo' plants. The average difference for fl ower longevity for that group of cultivars was 4.8 d, representing an increase of 36% in fl ower longevity when the plants were grown under the simulated summer environment. Among all cultivars grown under the summer environment, 'Meiferjac' and 'Ruijef' exhibited the greatest fl ower longevity, and 'Meigagul' exhibited the shortest fl ower longevity, differing 8 d from the longest to the shortest lasting group. Under the winter growing environment, fl owers from the 'Ruirosora' cultivar lasted the longest time, and fl owers from 'Meighivon' and 'Meigagul' plants lasted the shortest time, differing 7 d from each group. Thus, for both growing conditions, 'Meigagul' plants exhibited the shortest fl ower longevity with a reduction of 28% (3.8 d) on winter-grown plants compared to summer-grown ones (Table 3) . Improved postharvest longevity on summergrown plants in comparison to winter-grown plants has also been observed in other studies (Borch et al., 1995; Chen, 1990; Cushman et al., 1998; Kyalo et al., 1996; Monteiro et al., 2001; Rajapakse and Kelly, 1994; Serek et al., 1995) . The variation of postharvest fl owering longevity among cultivars has also been reported for miniature roses (Clark et al., 1991; Cushman et al., 1994; Halevy and Kofranek 1976; Müller et al., 1998) . However, the postharvest fl ower longevity for the potted rose cultivars in the present study has not been previously reported.
For all cultivars, the fl ower diameter was larger under the winter than for the summer growing condition (comparisons not shown) (Table 3) . On the average, the fl ower diameters were 1.2 cm greater under winter than under summer conditions. A similar fl ower diameter pattern was observed among all cultivars within each growing condition. No differences were found in fl ower diameter of 'Meirutral' and 'Meijikatar' miniature roses grown under simulated summer or winter growing environments (Kyalo et al., 1996) .
The fl ower quality was the same for both growing environments, except for the 'Ruijef' and 'Meighivon' cultivars (comparisons not shown) (Table 3) . Those two cultivars exhibited the lowest fl ower quality among all cultivars under the summer environment. 'Meighivon' plants exhibited the lowest fl ower quality of all cultivars under winter growing conditions. The lowest fl ower quality exhibited by the 'Meighivon' cultivar in both growing environments was due to the development of vegetative growing tissue associated with the stamens and the ovary on the fl ower. Chen (1990) found that 'Meijikatar' miniature rose plants exhibited better fl ower quality than 'Meirutral' under summer growing conditions, but the opposite was true under winter growing conditions.
Leaf abscission evaluated at the end of the fl ower longevity was not infl uenced by either cultivar or growing environment (Table 1) . No cultivars exhibited any leaf abscission, except for 'Meigagul' plants, which had only 2% abscission. Postharvest leaf abscission differences in miniature roses have been reported due to cultivar (Chen, 1990) , light conditions during production (Rajapakse and Kelly, 1994) , and time of year and location of production (Serek et al., 1995) . Whether the cultivars used in the present study are resistant to leaf yellowing during the postharvest period or the conditions in the present study were not conducive to the development of this condition is not known.
In other growth chamber studies, differences in postharvest fl oral longevity due to preharvest growing environment were found using multiple-stemmed plants (Kyalo et al., 1996) . In the present study, differences in postharvest fl oral longevity due to preharvest growing environment were also found using the same equipment used by Kyalo et al. (1996) , except that single-stemmed plants were used. Although cultivars were different between the two studies, the present study suggests that single-stemmed potted miniature rose plants could be useful for studying postharvest responses to growing environment. The reduced plant size facilitates the use of small growing environments such as growth chambers by allowing a larger number of experimental units than would otherwise be possible.
The present study has increased our knowledge of how the fl oral longevity of different potted miniature rose cultivars responds to the preharvest growing environment. When considering other studies that have measured the postharvest longevity of individual fl owers in response to seasonal growing environment so that direct comparisons can be made, we found plants of 'Ruirosora' to be unique in that fl ower longevity remained as exceptional after growing under winter-like conditions as that on plants grown under summer-like conditions (Table 3) . 'Ruirosora' fl owers had the greatest longevity on winter-grown plants in the present study with 20.6 d, whereas the greatest longevity on winter-grown plants was 10 and 11 d for studies by Kyalo et al. (1996) and Monteiro et al. (2001) , respectively. Exceptional fl oral longevity on winter-grown plants most likely exists for other cultivars not used in these studies as the number of cultivars subjected to such experimental regimens has been quite limited. Understanding why this response exists is of strong interest for future studies. 
